ABSTRACT
Altogether, 62 taxa of macrophytes including 18 bryophytes and 16 macro-algal growths were determined at 87 survey sites (73 rivers) representing the both ecoregions in Slovakia (Pannonian and Carpathian) during the years 2010-2013. Bryophytes represented the dominant community in the Carpathians, while the occurrence of macro-algal growths was relatively balanced in both ecoregions. Ordination analyses (DCA) showed an obvious shift within studied survey sites from vascular plants to bryophytes, while macro-algal growths were more or less uniform distributed in the whole ordination space. Based on stepwise (forward) selection in CCA, altitude and water surfaces as a land use type were the main environmental factors responsible for this pattern and explained 13.7% of the variability. Variation partitioning showed that the shares of environmental variables on the total variation decreased in the following order: both groups together 8.3% (landscape and geographical variables, physicochemical variables), followed by landscape and geographical variables (5.8%) and purely physicochemical variables which had an insignificant effect on macrophyte composition. The importance of both groups (bryophytes and macro-algal growths) in ecological assessment was also confirmed by their contribution to the mean IBMR value determined for each water body type. Anyway, our study showed that their contribution to ecological assessment is not focused only on small mountain streams where they are dominant. They may obviously affect ecological assessment also in many water body types in lowland rivers and large upland rivers as well.
RÉSUMÉ
Le développement des bryophytes et des macro-algues comme partie de la surveillance des macrophytes utilisées pour l'évaluation écologique en rivières
Mots-clés :
macrophytes aquatiques, IBMR, rivière, Slovaquie, Au total, le développement de 62 taxons de macrophytes dont 18 bryophytes et 16 macro-algues a été déterminé dans 87 sites de sondage (73 rivières) représentant les deux écorégions de Slovaquie (Pannonienne et des Carpates) au cours des années 2010-2013. Les bryophytes représentaient la communauté dominante dans les Carpates, tandis que l'occurence des macro-algues était relativement équilibrée dans les deux écorégions. Les analyses d'ordination (DCA) ont
INTRODUCTION
Rivers represent important aquatic habitats for human race from the economy point of view and have been utilized historically since a very long time. In addition, their biological importance is high; rivers are a place for various organisms including macrophytes. Therefore, the research of macrophyte distribution in rivers and their relation to environmental conditions has been a subject of researcher interest relatively for long (Hrivnák et al., 2013; Szoszkiewicz et al., 2014; Žuna Pfeiffer et al., 2015) . The main factors and processes controlling the status of macrophytes in rivers are hydrology characteristics such as water velocity, seasonal and inter-annual dynamics of water regime, discharge, and furthermore light, substrate, nutrients, competition and river management practices (Franklin et al., 2008; Lacoul and Freedman, 2006) . However, the effects of geomorphology and climate are important as well (Lacoul and Freedman, 2006) . Different groups of macrophytes are influenced by different environmental factors. For example, higher flow velocity and relatively more stable coarse-grained sediment type are typical of bryophytes presence (Ceschin et al., 2012; Downes et al., 2003; Hrivnák et al., 2010) . On the contrary, increased abundance of vascular plants is closely related to slow water flow and fine-grained bottom material (Haslam, 2006) . River algae grow in heterogeneous lotic habitats from springs to large rivers with various ecological conditions (Janauer and Dokulil, 2006) . In the last years, attention paid to the river macrophyte research was focused on macrophytes as a tool for the assessment of ecological status. According to the European Standard EN 14184:2014, larger plants of fresh water which are easily seen with naked eye or which usually form colonies belong to aquatic macrophytes, including all aquatic vascular plants, bryophytes, stoneworts and macro-algal growths. After requirements of the EU Water Framework Directive (WFD) 2000/60/EC (European Union, 2000) and according to the abovementioned European Standard, bryophytes and macro-algal growths should be included in the assessment of ecological status. In some European countries they are both included in the method of ecological status assessment based on macrophytes, e.g. Belgium/Flanders (Leyssen et al., 2005) , France and Belgium/Wallonia (Haury et al., 2006) , Great Britain (Willby et al., 2009 ), Poland (Szoskiewicz et al., 2006 , Slovakia (NV SR 269/2010 Z. z.) . Mainly in the case of macro-algal growths, in some countries they are a part of ecological status assessment based on phytobenthos, e.g. Austria, the Czech Republic, Germany, Norway (Kelly, 2013) . According to the WFD, macrophytes and phytobenthos comprise one biological quality element. The applicability of different plant groups can be more or less restricted due to the spatial scale and their behaviour is influenced by the stability or changes of river environmental conditions (Schneider et al., 2012) .
Figure 1 Distribution of the surveyed sites within two designated ecoregions in Slovakia -the Pannonian Lowland (green) and the Carpathians (grey).
Prior to the implementation of WFD requirements, the research of macrophytes in running waters in Slovakia was primarily focused on vascular plants, while non-vascular plants such as bryophytes were studied only marginally (e.g. Hrivnák et al., 2003 Hrivnák et al., , 2007 Ot'ahel'ová et al., 2007a Ot'ahel'ová et al., , 2007b . More systematic research of bryophytes and especially macro-algal growths in rivers of Slovakia started within the monitoring aimed at the assessment of ecological status in the recent period (e.g. Tóthová, 2010a, 2010b; Baláži et al., 2010 Baláži et al., , 2011 Hrivnák et al., 2010) . In connection with the existence of many new data about bryophytes and macro-algal growths obtained from the river macrophyte monitoring in Slovakia, the following objectives were suggested: (i) to describe the structure of macrophytes focusing especially on bryophytes and macro-algal growths, (ii) to detect the influence of the studied environmental variables on the species composition, (iii) to describe the importance of macrophytes (bryophytes and macro-algal growths) in ecological assessment.
MATERIALS AND METHODS

> STUDY AREA
Surveys of aquatic plant communities were carried out at representative sites in designated water bodies within the Framework Monitoring Programme of Slovakia among others focused on the assessment of ecological status. Out of all sites surveyed in the years 2010-2013, 87 sites (73 rivers) evenly distributed throughout the country were selected for further analyses based on the presence of bryophytes or macro-algal growths at the surveyed sites (Figure 1 , Appendix I). According to the Water Plan of the Slovak Republic (Ministry of Environment of the Slovak Republic, 2011), two river basin districts are designated at the national level in Slovakia, namely the Danube River Basin District (96% of the SR territory) and the Vistula River Basin 19p3 P. Baláži and R. Hrivnák: Knowl. Manag. Aquat. Ecosyst. (2015) District (4% of the SR territory). All water courses with catchment area above 10 km 2 were the subject of typology. Individual surface water types were determined on the basis of abiotic descriptors determined under the system A of Annex II WFD, as follows: ecoregion, altitude and size (catchment area) typology and geological composition. Slovakia belongs to two ecoregions: the Carpathians (72% of the SR territory) and the Pannonian Lowland (28% of the SR territory), which is a part of the Hungarian Lowland ecoregion. According to altitude, and catchment area, four and three categories are defined, respectively. Geological composition is defined as "mixed type" at present, therefore it does not de facto act as a water course typology descriptor. Totally, eighty-seven selected sites are distributed in all sub-basins of both River Basin Districts. They represent all water body types in Slovakia (Figure 2 ) except the type K2M. This type represents small Carpathian rivers located at the altitude of 201 to 500 m a.s.l. Because of the absence of aquatic macrophytes, this type was excluded from monitoring aimed at the assessment of ecological status based on macrophytes. The majority of sites (72%) were a part of the Carpathians, while the rest was situated in the Pannonian Lowland. Most sites belonged to the water body type K3M (small mountain rivers with an altitude from 501 to 800 m a.s.l.), followed by sites from the types K2S, K4M. Altogether, more than 60% of all survey sites were located in these three water body types. In the Pannonian Lowland the largest number of sites was a part of the water body type P1M representing small rivers with an altitude less than 200 m a.s.l. However, the highest number of surveyed sites was situated in small rivers (60%) in contrast to large rivers (less than 10%).
> SAMPLING PROCEDURE
Macrophyte surveys were conducted using the general principles described in the European Standard EN 14184:2014. Monitoring was performed at representative sites of the designated water bodies for the purpose of assessing the ecological status. Field surveys were carried out in the summer between July and early September in the years 2010-2013. The length of the survey stretch at representative sites was selected to ensure that the total species spectrum was included. On average 100 m long stretch was surveyed. If no new species occurred within the last 25 m of the survey stretch, the survey was finished after 100 m. If constantly new species were found, the stretch was extended by further 25 m until no further species occurred. As a result of this procedure, in the case of small and medium-sized rivers, survey reached usually a length of 100 m. In contrast, in the case of large rivers, survey stretches reached a length of up to 500 m. Field survey was performed by wading upstream in a zigzag manner across the river bed. In the case of large rivers (depth > 1.5 m), a boat was used. In each surveyed stretch the Plant Mass Estimate (PME) was evaluated using a five-level scale based on the occurrence and percentage cover respectively: 1 (rare; only single plants, up to about 5 specimens), 2 (occasional; about 6 to 10 specimens), 3 (frequent; up to 10%), 4 (abundant; from 11 to 50%) and 5 (very abundant; more than 50%). Macrophyte surveys included the identification of three taxonomic groups; macro-algal growths, bryophytes and vascular plants. The determination of taxa focused primarily on indicators of the Macrophyte Biological Index for Rivers (IBMR; Haury et al., 2006) . Therefore, the determination of macro-algal growths was mostly performed at the genus level, while the other taxonomic groups were determined at the species level. The nomenclature of non-vascular and vascular plants followed Marhold and Hindák (1998) . Moreover, the proportions of various growth forms of plants were assessed distinguishing three categories: helophytes (emergent plants), hydrophytes (true aquatic plants including submerged plants, pleustophytes and floating leaf-rooted plants) and amphiphytes (occurring in two growth forms in studied areas, helophytes and hydrophytes; c.f. Janauer, 2003; Janauer and Dokulil, 2006) .
> ENVIRONMENTAL VARIABLES
The following environmental variables were measured monthly from January to December in water at each representative site during the monitoring years: dissolved oxygen (O 2 ), biochemical oxygen demand (BOD), chemical oxygen demand (COD), pH (pH), temperature (t), electrical conductivity (CON), ammonia nitrogen (NH 4 -N), nitrate nitrogen (NO 3 -N), total nitrogen (TN), total phosphorus (TP), orthophosphate phosphorus (PO 4 -P) and alkalinity (KNK 4.5). The given chemical variables were sampled in free water and taken from the surface. Some variables such as oxygen, temperature, pH and electrical conductivity were measured directly in situ using a WTW MULTI 340i portable device. Laboratory analyses were carried out by the staff of the Slovak Water Management Enterprise according to methods included in ISO and EN standards mentioned in Baláži et al. (2014) . Annual averages of chemical variables were subsequently used for statistical analyses. In the group of environmental variables, altitude and also data of land use type processed by the CORINE Land Cover (European Environmental Agency, 2000) were used. The first level (5 classes) of the CORINE Land COVER was used, which corresponds to the main categories of land cover (artificial areas, agricultural land, forests and semi-natural areas, wetlands and water surfaces).
> STATISTICAL ANALYSES AND CALCULATIONS
Macrophytes: Coefficients of frequency (F) and dominancy (D) were calculated for a description of the macrophyte assemblages. The coefficient of frequency (F) was calculated by formula:
where A i is the number of surveys in which the species occurred and B is the total number of surveys.
The coefficient of dominancy (D) was calculated using the following formula:
where X i is the sum of all PME values of certain taxa in all surveys and Y is the sum of all PME values of all taxa in all surveys.
19p5 P. Baláži and R. Hrivnák: Knowl. Manag. Aquat. Ecosyst. (2015) 416, 19 Environmental variables: At the first step, only one characteristic was selected from the pair of strongly correlated environmental variables using Pearson correlations except land-use types. Therefore, only 12 variables (O 2 , BOD, pH, CON, NH 4 -N, TP as physicochemical variables and altitude, artificial areas, agricultural land, forests and semi-natural areas, wetlands and water surfaces as landscape and geographical variables) were used for further statistical analyses. Some variables, which did not follow normal distribution (Shapiro-Wilk test), were logarithmically or arcsin transformed to approximate a normal distribution (Table I) . Ordination methods were used to detect effects of the studied environmental variables on the species composition of macrophyte assemblage. The length of the gradient in Detrended Correspondence Analysis (DCA) was 4.36, showing that unimodal methods were more appropriate for further analysis. Only presence/absence species data were used for both DCA and Canonical Correspondence Analysis (CCA); rare species were down-weighted. The CCA was performed to investigate (i) simple term effects (independent effects of all explanatory variables) and (ii) conditional term effects (partial effects of each predictor). Interactive stepwise (forward) selection was used and the significance of environmental variables was tested by the Monte Carlo permutation test with 999 unrestricted permutations (ter Braak and Šmilauer, 2012). P-values were adjusted by the "false directory rate" (ter Braak and Šmilauer, 2012) . Conditional effects of the two mentioned groups of variables, (i) physicochemical and (ii) landscape and geographical ones, were used in variation partitioning. CANOCO 5.0 for Windows package was used for all analyses (ter Braak and Šmilauer, 2012).
Pearson correlation coefficients were calculated among environmental variables. Spearman correlations were used to identify the relationship between environmental variables and the position of samples on the first two ordination axes in DCA. In both cases, the STATISTICA software was used (StatSoft Inc., 2011) . These last-mentioned species were allocated the following values of taxon score and a coefficient of ecological amplitude: H. styriacum: 19/3; P. cordaeana: 15/2. Filamentous bacteria were excluded from indicator taxa list, because they had already been included in the Slovak method for the assessment of ecological status based on phytobenthos.
With the aim to find out the contribution of selected groups (bryophytes and macro-algal growths) to the mean IBMR value determined for each water body type, the simulated mean IBMR value (without vascular plants) was calculated. Within the subsequent analyses, particular taxa of bryophytes and macro-algal growths were identified, which exhibited an important contribution to the mean IBMR value based on taxa score comparison. macrophytes, the rest (21%) was represented by amphiphytes (Appendix II). Considerable differences were found within taxonomic groups between both ecoregions (Figure 3 ). In the Carpathian ecoregion, the representation of macrophytes increased from vascular plants over macro-algal growths to bryophytes, while in the Pannonian Lowland, it was in the opposite order. Cladophora sp. reached the highest coefficient of frequency and dominancy. Brachythecium rivulare, Fontinalis antipyretica and Rhynchostegium riparioides were frequent (F > 25%) and dominant (D > 5%). Vascular plants occurred rarely; no species with F > 20% were noted.
RESULTS
> STRUCTURE OF MACROPHYTE ASSEMBLAGES
> STRUCTURE OF BRYOPHYTES AND MACRO-ALGAL GROWTHS
Based on a previous selection focused on the occurrence of bryophytes and macro-algal growths at survey sites, the results indicate that they occurred frequently in water body types K3M, K2S, K4M, P1M, P1S (Figure 2 ). Bryophytes occurred mainly in the Carpathians, where they represented the dominant community. They were found mainly in two types K3M and K4M representing more than 40% of all water bodies in Slovakia. On the contrary, their occurrence in the Pannonian Lowland was rare. However, because of the absence of vascular plants they were dominant also in the water body type P2M. Brachythecium rivulare, Fontinalis antipyretica, Rhynchostegium riparioides and Amblystegium tenax occurred most frequently. The occurrence of macro-algal growths was relatively balanced in both ecoregions. In mountain small streams (K3M, K4M) the species such as Cladophora sp., Hildenbrandia rivularis, Hydrurus foetidus and Phormidium sp. were common, while in lowland rivers Cladophora sp., Oedogonium sp. and Oscillatoria sp. occurred frequently (Appendix II).
> ENVIRONMENTAL CHARACTERISTICS
Basic characteristics of the measured environmental variables are shown in Table I were found in sites included in the Pannonian Lowland. The water pH gradient at survey sites was relatively narrow, ranging from 7.44 to 8.42.
> MACROPHYTE COMPOSITION-ENVIRONMENTAL VARIABLE RELATIONSHIPS
The position of macro-algal growths was relatively uniformly distributed over the ordination space, while the position of vascular plants and bryophytes was concentrated on the opposite margins ( Figure 4A ). All studied environmental variables had a statistically significant (p < 0.01) effect on the species composition of macrophytes ( Figure 4B Table II .
positively associated with altitude and the presence of forests and semi-natural areas in the landscape and negatively with agricultural areas, while in the case of vascular plants, the influences were opposite ( Figure 4B ). Simple effects (CCA) of the studied variables explained 27.0% of the total variation (adjusted explained variation is 15.1%) and effects for all variables were statistically significant. On the contrary, only two variables, altitude and water surfaces had significant effects on the macrophyte composition when the stepwise (forward) selection was used and they explained 13.7% (11.6%) of the variability (Table II) . Variation partitioning showed that the shares of environmental variables on the total variation decreased in the following order: both groups together (A + B), followed by landscape and geographical variables (group B) and purely physicochemical variables (group A) which had an insignificant effect on macrophyte composition ( Figure 5 ). 
> MACRO-ALGAL GROWTHS AND BRYOPHYTES AS A PART OF MACROPHYTES USED FOR ECOLOGICAL ASSESSMENT
DISCUSSION
Based on ordination analyses, our results showed an obvious shift between mountain and lowland river types from vascular aquatic plants to aquatic bryophytes, while macro-algal growths were relatively uniformly distributed in the whole ordination space. All evaluated environmental variables strongly corresponded with this pattern. However, altitude and water surfaces as a land use type were the main environmental factors responsible for this pattern. Studies from running waters proved that bryophyte occurrence corresponds to altitude, 
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Abb. water velocity, clearness, substratum size, shading shrubs and trees on the banks and the quality of water physico-chemical status (Ceschin et al., 2012; Hrivnák et al., 2010; Luis et al., 2015) . On the contrary, the presence of aquatic vascular plants is typical of medium to broadsized, slowly running lowland eutrophic open waters with a fine substratum on the bottom (Haslam, 2006) . Similar findings are evident in case of our study. Macro-algal growths represent probably a more heterogenous group than aquatic vascular plants or bryophytes with occurrence on the whole scale of the studied aquatic habitats (cf. Janauer and Dokulil, 2006) . Altitude is a surrogate variable for climatic factors such as a temperature or precipitation, and along this gradient, macrophyte richness decreases and species composition of aquatic plants is changed (Lacoul and Freedman, 2006) . Besides two land use types (water surfaces and wetlands) and water reaction, altitude correlated with all other environmental variables in our study. Altitude thus represents the gradient from relatively clear and oxygen-saturated running waters within forested mountainous landscape to eutrophic and human-affected lowland rivers. Water surfaces represented non-correlated landscape factor with a strong influence on the macrophyte composition. They represent a landscape type which occurs along the whole altitudinal gradient and which can be a source of additional species for rivers in association with, for instance, their common hydrological connectivity (Ward et al., 2002) . Results of variation partitioning showed that landscape and geographical variables and their overlap with physicochemical variables had the highest effect on species composition. This pattern is not surprising; a strong effect of landscape and geographical variables on species composition in comparison with physicochemical variables is known from aquatic habitats in Slovakia and other European countries (Hrivnák et al., 2013, Manolaki and . However, the influence of physicochemical characteristics can play an important role in species composition pattern (Dodkins et al., 2005; Ferreira and Moreira, 1999; Szoszkiewicz et al., 2014) . Due to their indication features, bryophytes and macro-algal growths in rivers represent important taxonomic groups for ecological assessment. Both are a part of various metrics, e.g., MTR (Dawson et al., 1999) or IBMR (Haury et al., 2006) , used for the assessment of ecological status. The given groups are particularly important in small mountain streams, where they are almost exclusively attached to a wide variety of substrates and form dominant communities within macrophytes. Based on our results, macrophytes were represented exclusively by bryophytes and macro-algal growths in small mountain streams. Namely, bryophytes In addition, Cladophora sp. was the most abundant species and occurred frequently in both ecoregions (the Carpathians and the Pannonian Lowland) and in all selected water body types. Dodds and Gudder (1992) stated that Cladophora sp. may be the most ubiquitous macroalga in fresh-waters worldwide. Szoszkiewicz et al. (2010 Szoszkiewicz et al. ( , 2014 ) also mentioned that Cladophora sp. was the most common taxon in rivers among all filamentous algae. Moreover, Papastergiadou et al. (2015) mentioned that Cladophora sp. was frequent in small medium Mediterranean mountainous river type as well. Compared to the Carpathians, bryophytes and macro-algal growths affected mean IBMR values more significantly in the Pannonian Lowland ecoregion. In medium-sized and large lowland rivers (P1S, P1V), both bryophytes Fontinalis antipyretica and Rhynchostegium riparioides and macro-algal growths Oscillatoria sp., Spirogyra sp., Microspora sp. and Stigeoclonium sp. had an important contribution to mean IBMR values. They increased the mean IBMR values. In the case of small lowland rivers (P1M), Cladophora sp. and Oedogonium sp. were identified as taxa which decreased the mean IBMR value most markedly. Bryophytes are included in the assessment of ecological status based on macrophytes in many European countries, e.g., Austria, Belgium, France, Germany, Great Britain, Poland (Birk and Willby, 2010) , Bulgaria (Gecheva et al., 2010) , Slovakia (Baláži and Tothová, 2010b) and Slovenia (Kuhar et al., 2011) . Algae represent an essential part of river vegetation (Janauer and Dokulil, 2006) . On the other hand, macro-algal growths are still neglected in the monitoring of rivers in many countries. Kelly (2013) gives notice that 42% from 26 states use methods for the assessment of ecological status based solely on diatoms, with no parallel assessment of nondiatom phytobenthos, even in macrophyte surveys. Our results confirmed that macro-algal growths represent a group of macrophytes which has a substantial contribution to ecological assessment in many water body types.
Group
In conclusion, when landscape and physicochemical variables were taken into account, the first mentioned group as well as mutual interaction between mentioned groups have the most important effect on species composition of macrophytes in rivers with common occurrence of vascular and non-vascular (bryophytes and macro-algae growth) plants. Altitude had the highest influence on macrophyte composition pattern. However, due to their occurrence and indication values, bryophytes and macro-algal growths play an important role in aquatic ecosystem of running waters. Our study showed that their contribution to ecological assessment is not focused only on small mountain streams where they are dominant. Anyway, they may obviously affect ecological assessment also in many water body types in lowland rivers and large upland rivers as well. 
